The coating of fabrics is a textile finishing process that adds to the value and improves functions [7] . With the advent of synthetic fibres, there are now less expensive ways to make metallic fabrics in the twenty-first century. Metallized fabric in particular has an identity and a quality of brightness that can create beautifully reflected and lustrous images. The reflective surfaces can offer a unique appearance as a result of this technical process and metalized fabrics are very popular in both the contemporary consumer market and in technical applications.
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Over the past few years, very limited fabric design with deep creation was perfomed to demonstrate the effects of chemical treatments on two fabrics that included cotton and polyester. It is hoped that this recently developed treatment process for fabric can enhance its tactile qualities and aesthetic appearance, which were both evaluated thoroughly in this study. The study also examined the scope for originality in the area of metallic fabric design.
Abstract Metallization is one of the finishing processes in textile treatment that can produce a unique fabric appearance. It appears to have great potential for application to garments for both functional and decorative effects. Chemical plating is an autocatalytic deposition method that can be used for precision work in conventional manufacture. This study has investigated the method for using chemical silver plating on cotton and polyester fabrics and the final properties of the metalized fabrics. The results showed that specific performance of the silver-plated fabric could be obtained if the optimum chemical plating condition was chosen. In addition, fabric design practice employing this chemical technique with the design method could achieve diverse effects. TRJ TRJ For the characterization of properties, the study evaluated the final performance of two silver-plated fabrics individually. Moreover, for design applications, the study demonstrated the potential for the development of both aesthetic and functional effects using metallization.
Experimental

Materials
Two fabric types that included cotton and polyester were chosen for this study. Their characteristics are summarized in Table I. A typical chemical plating solution used for the experiments consisted of silver nitrate, reducing agent and complex agents including alkali, buffer and stabilizer to control and promote the autocatalytic process. The activators used, namely stannous chloride, hydrochloric acid, silver nitrate, sodium hydroxide, ammonium solution and glucose, were of analytical reagent grade.
Chemical Silver Plating
In order to locate the silver deposition on a selected area of the fabric, it is necessary to make the fabric surface act as a catalyst. The activation energy of the catalytic route is lower than the homogeneous reaction in solution. A smooth deposition is obtained if the metal deposited by autocatalysis acts as a catalyst [6, 8] . Based on the method of chemical silver-plating for a nonmetal substrate [9] , three main steps, namely pre-treatment, the plating process and post-treatment were employed in the experiment. A chart listing the experimental plating steps in current design practice is shown in Figure 1 .
In order to test whether the silver particles were well distributed on the fabric surface, all fabric samples had to undergo pre-treatment before chemical plating. They were subsequently rinsed with 5% detergent at room temperature for 20 minutes. All specimens needed to be sensitized so that the surface would act as a catalyst. After sensitization, deionized water was used for cleaning before the chemical plating process. The application of the whole chemical solutions used for cleaning, sensitization and plating is shown in Table II . The pretreated fabric samples were finally put in the chemical plating solution which contained both Solution C and Solution D. In the experiment, the ratio of solution C to solution D was 1 : 3 by volume. After chemical silver plating, the samples were immediately rinsed in deionized water. Details of the experimental procedures are shown in Table III .
Weight of Fabric
The fabric specimens (10 cm × 10 cm squares) were weighed before and after treatment using a weight meter (Shimadzu BX300 meter).
Fabric Thickness
The thickness of fabric before and after treatment was measured by a fabric thickness tester (AMES tester).
Fabric Bending Test
A FAST-2 Bending Meter was employed to measure the degree of bending of the fabric in both warp and weft directions. 
Color Change Assessment
Color Measurement
The fabric appearances (both original and untreated) were measured using the CIE L*a*b* scale by Macbeth ColorEye 7000A at D65/10.
Ultraviolet Radiation Measurement
In the measurement of ultraviolet radiation penetration, all the plated fabric samples were evaluated by UV-visible spectrophotometer (Varian, Cary 300 Conc) over wavelengths ranging from 280 to 400 nm.
Anti-static Properties
The anti-static properties of the fabric samples were determined by resistance measurement using a Static Voltmeter R-1020 (Rotchschild, Swiss). Two fabric specimens of 10 mm × 100 mm were cut and tested in both warp and weft. Each specimen was fixed between two fixation screws. The insulated terminal was charged from the builtin DC source. The elapsed time, t, was defined as the time required to discharge half of the charge present in the specimen. The resistance of the specimen was calculated using equation (1) .
Where R is the resistance (Ω) and t is the elapsed time (seconds).
Conductivity Properties
A Hongda Digital Multimeter DT9205 was used in the resistance conductivity measurement. Random areas from both the front and back surfacees of the silver-plated fabrics (10 mm × 10 mm) were measured.
Anti-bacteria Measurement
The anti-bacterial properties of the fabrics were investigated by incubating bacteria solution of both Escherichia coli and Staphylococcus aureus at densities of 10 8 CFU/mL at 37°C for 18-24 hours.
Surface Observation
The surface structure of the silver-plated fabrics wase studied using a JSM-6335F Field Emission Scanning Electron Microscope (SEM). The SEM pictures of the surface were measured at a magnification of 30 000. Physical property measurements of change in weight, thickness and bending after chemical plating treatments of the two fabrics are shown in Table IV .
The results showed that the two different chemically silver-plated fabrics were heavier than the untreated ones. The measured increased percentages of weight were 14.29 and 16.67% for cotton and polyester specimens, respectively. As the silver-plated fabrics were heavier than the original ones, this demonstrated that silver ions had clung on the surface of fabrics effectively.
In the case of thickness measurement, both cotton and polyester fabrics experienced only slight change, namely 0.02 and 0.01 mm, respectively, after being subjecting to a series of chemical treatments.
The results proved that the chemical plating solutions had reacted with the original fabrics during the entire process of both acid sensitization and alkaline plating treatment. When considering the handle of the plated fabrics, the result of bending indicated that the silver-plated polyester fabric became softer than the original one whereas the silver-plated cotton fabric had a stiffer handle than the original one.
Color Change Assessment
The results of assessment of color change under different application conditions, namely washing, perspiration, rubbing and light are shown in Table V .
Obviously the assessment of the silver-plated cotton and polyester fabrics showed that their colors slightly changed after washing, so that the tested specimens were paler than the original silver-plated specimens. This confirmed that some silver particles were lost during washing.
The rubbing fastness of the silver particles in fabric is also shown in Table V . Under dry rubbing condition, the degree of staining for the silver-plated cotton and polyester fabrics were 3-4 and 2, respectively. The silver-plated cotton fabric had a better dry rubbing fastness in comparison with the silver-plated polyester. On the other hand, the wet rubbing fastness showed the opposite results, and the silver-plated polyester fabric (grade 2) had a better wet rubbing fastness than the silver-plated cotton fabric (grade 1-2). In view of the overall results of rubbing fastness measurement, the rubbing fastness of the silver-plated fabrics was relatively poor with respect to the commercial requirement.
The results of the light fastness for the silver-plated cotton and polyester fabrics were both grade 4-5, which was considered to be good and which met the commercial requirement of light fastness for vision. This showed that the silver-plated cotton and polyester fabrics were capable of resisting artificial light under the prescribed conditions of simulated light environment. Hence, these silver-plated fabrics were quite stable under normal lighting conditions.
Color Measurement
The appearance of cotton was changed from white to a brownish-gray color after the silver plating treatment, whereas the polyester showed no change in appearance. This implied that it could tolerate the condition of both acid and alkali solutions during the plating treatment. Table VI shows the color appearance of silver-plated fabrics. For brightness measurement, all silver-plated fabrics had comparatively lower values than those of the original fabrics. They were considered as gray after the plating treatment. As the alkali plating solution attacked the white fabrics and made it become brown, the resultant color obtained had positive a* and b* values for cotton. Silver- Table 4 Change of weight, thickness and bending of fabrics after chemical plating. Table 5 The color change under different application conditions.
Chemical
plated cotton fabric had a higher value of a* and b* than its original which was evaluated to be reddish yellow. On the other hand, silver-plated polyester fabric had lower value of a*, indicating that there was a change to a greenish color. This might be due to the strong effect of the silver particles on the surface of the specimen. Every sample became grayer after the silver-plating process as reflected by the lowered L* values. In view of the color appearance results, polyester fabric had a more silver-gray colored image. On the contrary, the cotton fabric had less silver effect. Thus, it was obvious that the cotton and polyester fabrics might produce different results.
Ultraviolet Radiation Penetration
Table VII summarizes the measurement results of the ultraviolet radiation penetration. The results showed that the original cotton fabric was not appropriate for protection against ultraviolet radiation as indicated by the ultraviolet radiation penetration factor (UPF), rating 10. However, the chemical plating results confirmed that silver-plated cotton offered excellent protection from ultraviolet radiation as indicated by the UPF rating 50+. Similarly, the silver-plated polyester fabric could reduce ultraviolet transmission better than the original polyester. Therefore all the silver-plated fabrics could improve the quality of protection from ultraviolet radiation with excellent results.
Static Half-Life Testing and Resistance Conductivity
As shown in Table VIII , the average static half-life value of silver-plated cotton was almost "null" in both warp and weft directions, which was considered to indicate good anti-static properties due to the silver plating. On the other hand, the silver-plated polyester fabric experienced a reduced value of static half-life, as reflected by the dropping of time from 693.8 to 128.1 seconds in the warp direction and from 712.5 to 127.5 seconds in the weft direction when compared with the original fabric. In general, the smaller the static half-life values, the better the enhancement of the prevention of static charge for both cotton and polyester fabrics would be and so the silver plating treatment could improve the anti-static properties of the fabrics.
The conductivity responses of cotton and polyester are illustrated in Table IX . Both cotton and polyester developed conductivity properties after the silver plating treatment. The resistance of cotton and polyester was changed from ∞ to 14.9 and 15.5 MΩ, respectively. These results for the resistance conductivity of the silver-plated fabrics explain the significantly reduced static charge on the two fabrics. Table 6 Measurement of color appearance for silver-plated fabric. Table 7 Measurement of ultraviolet radiation penetration probability. 
Anti-bacteria
In this experiment, the surfaces of silver-plated cotton and polyester fabrics were covered with a nutrient medium in which a culture of Escherichia coli, as shown in Table X .
The larger the change in the anti-bacteria areas, the more effective will be the anti-bacterial properties. Experimental results showed that both kinds of fabric exhibited similar anti-bacterial properties and so it is concluded that silver plating treatment could impart anti-bacterial properties to the tested fabrics.
Surface Structure Measurement with SEM
In order to have a more detailed insight into the change of the surface property of the fibre, the fabrics were examined by SEM. The results showed that the silver-plated fibres were covered by silver particles. The pictures taken from the SEM are shown in Figures 6 to 9 with a magnification of 30 000. The grain sizes of the metal particles Table 9 Resistance conductivity measurement of silver-plated fabric. ranged from 30 to 100 nm in diameter. Detailed views of the photomicrographs showed that the plated layer was composed of a mass of particles evenly distributed on the surface of fibres. The surfaces were covered with the dense silver particles which were clearly visible. This indicated that the effect of chemical silver plating was sufficient and effective enough to change the micro-structure of the fabric surface. Figures 6 and 7 show the SEM pictures of the untreated and silver-plated surface of cotton fibre respectively. The SEM pictures of the polyester fabric surface before and after chemical silver plating are shown in Figures 8 and 9 . The laminated effect of chemical silver plating was recognized by the uniform covering of silver particles on the fibre surface.
Overall Analysis
In summarizing the overall measured results, the cotton and polyester fabrics created by chemical silver plating showed unique characteristics. The silver particles exactly covered the whole yarn after the plating treatment. This method could be employed for the uniform metallization of non-conductive fabrics. For the successful deposition of plating, only autocatalytic reactions should be used. This investigation illustrated that the chemical silver plating method could produce both decorative and functional fabrics, and also that the normal quality of the fabric was maintained. The experimental results showed that the fabrics plated by silver had better properties including protection from ultraviolet radiation penetration, light fastness, anti-static and anti-bacterial properties. These special characteristics were due to the fact that basic silver particles had higher shielding properties and better conductivity than the original fabrics. Based on the testing results, the chemical silver plating process only imparted moderate rubbing fastness properties to the cotton and polyester fabrics. According to the SEM results, the chemical silver plating could render uniform deposition of silver particles on both cotton and polyester fabrics. Comparatively, the fastness of the thin sheet silver depended on the surface structure of the original fabric. The thin layers of silver particles showed better fastness than the thick ones. In order to ensure good fastness of the silver particles on fabrics, proper control of the ratio of the chemical plating solution, development of the pre-treatment on the surface of fabric and selection of appropriate fabrics might be further improved.
Fabric Design Application
The silver plating process certainly covered and changed the appearance of standard fabrics. The silvery-gray color achieved lustre on the face and back of the cotton and polyester fabrics with a fluid feel. The silvered appearance was based on the thickness of silver-plated particles which depended on the different ratios of the composition with respect to the parameters including solution concentration, reaction duration and temperature. Chemical silver plating experiments showed that the reflection was higher on the smooth surface of polyester than on the rough surface of cotton fabric. On the other hand, the cotton fabric changed to a gray image with some brown coloring during theplating treatment.
As previously mentioned in this design study, the resist crafts permitted a certain degree of randomization. As in the design operation, the pattern could be created using the physical resist method. Many complementary materials such as pastern strip, metal pieces, clips, wooden sticks and glass plates were employed to resist the silver plating reaction and generate various patterns on the fabrics. This method could easily achieve the purpose of creating pattern on the experimental fabrics by mean of silver plating treatment. Tabby black and brown polyester fabrics were launched in the present series of design practices. The colorful design results using resist crafts could isolate the activity of plating reaction to special areas. There were many design outcomes that had unique effects by using the chemical silver plating as shown in Figures 10 and 11 . The use of resist craft techniques could create various shapes on the surface of cotton and polyester fabrics. There is a boundless potential depending on the control of the resist shape and operational manner during design application. Furthermore, there were many different effects applied to the freedom structure and agile operation. For example, the results were applied to make different effects using the sensitization activity as well as plain patterns in the chemical plating activity. The final pattern showed the blurred silver shapes and subtle colors on cotton fabric as illustrated in Figure 10 . Conversely, Figure 11 shows a clear edge on both the smooth surface and dense structure of polyester fabric.
From the preliminary design experiments, the results found are summarized as follows: (1) the final color appearance depended on the properties of fabric sub- Figure 9 Surface appearance of silver-plated polyester fibre (SEM with magnification of 30 000) Figure 10 Silver-plated cotton fabric.
strates; (2) the diverse color appearance could be managed by controlling the reaction timescale; (3) the present reflected value correlated with the concentration of the solution; (4) the resistible crafts could be used to shield the plating reaction to enable design creation; and (5) the patterns could be generated uniformly on the front and back of fabrics.
These designs of chemical silver plating showed that the surface characteristics of fabric were sensitive enough to load the silver particles onto the cotton and polyester fabrics. A variety of images were achieved after conducting chemical silver plating on the surface of fabric with unique color, pattern and texture. They could produce silvery effects with shimmering color on the polyester fabric.
Conclusion
The overall experimental analysis and results assisted the development of the chemical silver plating technique on standard fabrics. Two kinds of non-conducting fabric, namely cotton and polyester, were plated by the chemical silver plating method. Each combination of metal and reducing agent required a specific pH range and bath formulation.
When compared with the other metallizing methods, chemical silver plating has the following advantages: (1) non-conducting fabrics can be metallized to create design patterns; (2) the operation can be controlled by adjusting the contribution of the chemical plating solution; (3) silver particles were uniform with dense granules; and (4) many applicative functions can be improved.
According to the design results, silver-plated fabrics showed several advanced images. In theory, chemical silver plating could give an immediate unique appearance and technical finishes to many kinds of fabric such as cotton and polyester, resulting in the generation of many textile designs. Chemical silver plating can be applied for both functional and aesthetic metallic fabric design. To achieve decorative features on the fabrics, significant correlation exists between metallization and design concept. Based on the experimental study, it is obvious that chemical silver plating can also be used to obtain particular textile design applications such as reflecting surfaces, silver color and fluid handling characteristics as well as functional fabrics.
